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ABSTRACT : PROBLEM TO BE SOLVED: To prevent the inversion of a conductive type of an n type 
channel formation region due to B(boron) diffusion. 

SOLUTION: B ion implantation is carried out into an n- type epitaxial layer 2, and then the 
layer is subjected to an annealing operation to activate B and to form a p-type base region 
3. And a surface part of the epitaxial layer 2 is reactively ion-etched(RIE) down to a high B 
concentration to have the base region 3 exposed. Thereafter the epitaxial layer 2 is 
subjected to sacrificial oxidation and an oxide film formed by the sacrificial oxidization is 
removed to eliminate the damages by the R!E. The sacrificial oxidization step causes the 
regions 3 and 2 to have good surface crystallization. Thereby, even when a surface 
channel layer 5 is formed on the base region 3, it can be avoided that B does not diffuse 
into the surface channel layer 5. 
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1 3 **MWHfca* J: «5 nfi*>¥*fls* 
« ( 1 ) 0±*ffi±£. £<0¥«*mKJ: 0 tffimtfir 
0Hfc£XJ: 9** nlW^ftS ( 2 ) fcJBflWiXB 
k. 

ME W(M^>»i»®Wft«Wt= B £ 4 L 
T, pfflO^-AflW ( 3 ) fcJB*"f *2Bk. 

k. 

«B^— ^MW^JdWCnffl^Bf"**^!! < 5 ) 
#*-*-*Xfik'. 

l #«3W>y-*«* ( 4 ) ■ t»jfr#-4IHk . 
«K*lBf-+*A'Ji±t:y- Yffim ( 7 ) SrtfLT^ 
-MM (8) SJWWilSk. ■ 

tS(10) SrJBK-TftlBfc. 
ffire^aWHHEWMiiHC H H >^*6 < 1 1 ) £ JEM 
nilt. £«;LT^Sw kSlfffik-fiaHBtSS* 

«k o T huI E B SriSttftS* 4 - k k -f SSf*3S 1 
P - h :MK < J: ;> CSfc t T v £ k £ W 

E<-*«**>5 fcB*>»fc^JKMtk&*ff$i'*lt 
aj*-£&Xg£-&t?C: k Sr#aki-4M*JI1JK4*> 

nft w k ar*#S£k -TSIKCT 1 J!>S 5 ?)tvf*i> 1 o£ 

[ tt$3K 7 3 iJIMStfC Oifl® k k**®-c-& -s>g 

BBfctf'U mmmX 9&£> nS^^ft£1£ ( 1 ) 
> 

«fc 9 fcJ«SiS$rJ)MfcJi* J: 9*4 nMoWfcJI ( 2 ) 
k» 



k. 

*«**>a5g j: 0 fc»v*naw>y-*«* ( 4 ) k . 
(5) k. 

«eaanf-* */u*©*iH3BS3*ifc y- k seisms 

(7) fc. 
k. 

mi^-^m^&vm^'/-xmmzmmti> * o tz& 
js.ztitz.v-z.nm ( i o) k. 

«K«l^aW«Jrafc3l5««iifc HW y«l ( 1 
1) k*ft*.. 

WB1HWiaH^JI»*rtt^v^TOTB««Ey» M 

1 <0««Ti|HlD LTfc 9 . BUlfi^-A^i^ ^HUfS^t^? 
fMifcjWtTttmEJII 1 vm®i 9 tflW*»**2S>« 
«T**LT nfc w k *ttftk?*&ft»S¥**St 
S. 

k. 

131E^frS^3lS®±fc»a£S*U liffE*3l#S« 
J: 9 «.WS«E*l»fl««J: O'** nl^«« ( 2 ) 
k, 

BufE^tt®^^^5£fgigC B if H- 
-C^fiS^ix. J^»3fc***pffl*5*-*«K (3) 
k, 

'^m^aES i 9 iS^nS^y-^J^ ( 4 ) k . 
BulE^-^^oaii^tXIiilE^^Jik SStCJ: o 

(5) k.' 
(7)k. 

KflEy- b «*HiW±ic36W$*L^ ^- h«S ( 8 ) 
k. 

WE^-^«i*R^inEy-^*«K:Sf «fc o tcJP 
^$ix/cV-^m© ( 1 0 ) k . 

friE^frs^ wsffi izm& ztitz yva vmm ( i 

1 ) kZffit. 

*tftfae<-^^rt^«EB««aEkiinE«Hf--ir* 

^Uff^OBulE B tf>aut k tfMb&f . bu1E<- x«Kk Mi 
lEBO^Hk <IE*»fMirtO«rEB«iMEk^>ilJ: 0 
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[0001] 

h 7 y ifx 9 . k ") bltttttimqMBU ^7-MOSF 
[0002] 

W»^7-MOSFET*»*B»«WI5. 6.81. 7 
6 2-f-^fflSCS^Six-Cv^. JlO^ggM^-MO 
S F E T fcB 6 fcijrf. £ OHlC^SftS^'V-M O S 
FETte. pl<-^iil 0 lfcy-hTOl 02k 
OStCteJi^^n- SfflMl 0 3fcRBU in- 
ning 1 d3sf+*;«^i LTV^. * L 

t. pW<-zmi&ioimRvy-hm&io2Mfr 

4»n- fflaHMl'0 3rtfc22»WEJ*J:3fc:U 1 
*lfctf)ffl£*fc:T n- S^IS® 1 0 3 £%h.£«aft* 

SFETfcJfcL-r*>«fit»fij*tH->rv»*. 
[00 0 3] — MO S F E TTIi. pI^-X 

flWl 0 248BJft*)*:K>0>B (dray) o>f sty&x& 
n- MxtT?*^/WIl 0 4OJft5t&$4Ti£A£il 

3W£fcTn- - 8BHMI10 3S:»J«L'CV%*. 
[00043 

[«W*«»KfcLJ:5k-fftlHI] L*»Lfc#6. pS< 
-jMJWU.O l^j£^£ft^B^*>i£A# s Jdt$ii 
«ftfcffdSSttfl:T--;w*K:. B#n- s^MSio 

3 n- iit^^^i i o 4<ommmz 

S»U n- SSUtVl 0 3>ftj£?*tf^p££K 

£5k^:5|3IMa J *>i>. HB«=»£Et>flrFLTL4 5 k 
[0005] ^JKBiaJJSWHC:**^ B (# 

[0006] ■ 

ssttsig ( i ) e>±mm±.tz. zmmfamfox o «>* 
ALT. pSO^-Aflig ( 3 ) zmf&.-thxin.t . < 



tt^itftenffiWWBf-**** (5) tJBjft-TSIB 

*>y-A*Jtf (4) frjgifrfiiafc, «B*-v.*;WI 

±K*-'- h*£&ffil ( 7 ) r^i-LT N®E ( 8 ) 

-xmrnx i o > sr^js-rsxtik. *mt&Bnmm 

BSCFH' >^ffi (11) . ardJtT 

[ 0 0 0 7 ] £tf)J: o iz, pfi^-x«jiiWm 

s. 

[0008] 4fc. BWSB2(cE««J:dfc. 

■f -f 7-^*a ^) 9^-A«WOT«B«fl&WrF 
•HSBHttelOBaUtOfiTLfcWiSrlfe*'*- 

SfDT*. £<^±D£%£T'kB<7)ieET0 7-M;U£* 

[0009] ff^«3 fcia)W)»9it=*J^Tti. 
■irA«JW)iW)«Kt J: ->T B SrY&frfcS-e S £ k 

* £ t *^ > * fc*WSia^)«*fl:*BI* £ k 

[0010] *4s. ts^S4 tc^-ri a c *m+** 
&ff o t *» 4>^^tt2r mm $ ■tirTa® * * */m 

B^igE//FJf^ig.Kk ltaiS*iXSa:*tr 
[0011] £^J: ^ 3-yx-y o 



•r * w t #t§ it:*>. mmtixmosmmK 1- ft 

Clk#T§ft. RJBtt-fsr^x^f-y^tJ:*^ 
> t«MHWbt J: ->THfc**ft i k #T* 5 . 

[00123 »«a6cgajt^)SHBt*s^Ttt. 

fc#*rft:EHfc^TV*ft£k*W»klWft. £ 

wide. #w»»o«BtirtfcLriwtit^»*-Lfc 

fM^f^^ffiflteTfriifc*). <-xffl&±lzm& 
B \, >«Wfc4»ar < I k #T* ft . £ii 
tCtO, ®£Kfl^£J:oTlSft$tfft&#£^*< 

■f*£k*T*, «H^B**ffll*«<l-«£k# 

T*ft. 

[00 1 33 ««JH7K:Ctt<«eWfc4J^TI±. 

( 1 ) *5W*^rrt(c*JV^B«iBS*«» *Hfif-** 
/Wg ( 5 ) ( 3 ) £MiX\iM&K10) 

mTimixa o . <-*isi&&>4>¥3Sfts ( 2 > c 

-*^J£taWT H&Sfl 1 tf>flS$Tift!Hrf ft J: 3 ft 

*;H*fc 'J *7£<0«fc-f 4 £ k #Tt £ . 
[ 0 0 1 4 3 4fc. fcffi^^fc^-^IWfetfSWfc: 
fcttft B0jftST07 r 4 /USrjMfcfcLTi^ftfc*)^- 

<y-*» HW^iaifff) fcrtLtS*ft£k* f T* 

*-*«a^&*»*«ca»frcs5 1 K>i>m*? 

2 o«i*T*5H-ft J: "5 trfft £ k T> 

lfE*rtLt3-£ft£k**T*ft. 
[00 1 53 fWW8KJEtt«0^fc4Hvc(i. 
M ( 3 ) k*iii?-**JWI ( 5 ) tfBMWBfifi&fciatt 

mtnmff. <-xm®b*mm ( 2 > kottras 

Glfcfc «■ ft AfcWfi tf> B OjgS k ^Sfrlrt o b « 
ift£k OHi 0 i>*£ < *oTV*4 £ k ^^tk LT& 

0 . it*3i7 k RHiw«&*^iW4 ; k #t* ft . 

[00 163 

(mim&m.) 01c ^ute^^feitfty--? 

yXym&Ti** *tV9 4 TTV- t®M O S F E T 
( ffig; t «7— M O S F E T ) ^BrMlz:^. W 

-Yizmmtz k if a& i>ot& ft . 



[0 0173 HlfcS-^VVCSBg'^-MOSFET*) 
«itl::ov*TfiMJi*ft. 0Mt&**»fc&*n* g^Sf* 
1 i4±® §r±£® 1 a k L . ±mm?)RtiWZ'$> ft 
TmSrMffilbkLTV^ft. ;On' mmimfc 1 <D 
±CT1 a±K3i, 'Sttl iDiffiiiK-^MMEfc 
1Wftlfcfca**»6&ftn- Sxt^^r/H (J31 
T. n- SxtTJIk^o) 2*q»13iVCV>ft. 

[ 0 0 1 83 n- &xei2<^l&&£(tftffi£fBt 

TUft. :«p- S<-;MIig3l4B&K-/\>hkL 
•CjRfiSftTfiO. *1 xi0J'cm-8]a±««IEk* 

[0 0 1 93 $^>t:. n* ffly-"^««4kn- fixlf_ 
®2k2:3SI<'J:-5t. P - S*.-*«K30*iIiS£tt 
n- SS i C«5* l »R«<fC.V^ft. vliOn- SS i C 

0. XtT^^^/UJiO^f^H, 6H. SCOtO 
SrfflV">ft. i«n- SSiCl5ti-rA>fx«0iJ^ 

^fcf-^sN^jsaaikL-cwwft. ot. n- msi 

CM 5 ar^®f-f ^/P-M b^o. 
[00203 «fif-lr*n/15J4N (ffiR) * H-A^ 

iff 1 x 1 0 16 c m" 3 - 1 x 1 0 " c m-$n&n&Wi%. 

x\ &l n- Mxe^2Xi^p- m.<-^m<r>Y 
K-fb^n^iiTv-ift. ma+**frm50>±mts*vn 

* fiy-^««4^J:lBt=l4JS!lWfc»=-cy-hBMtB7 
3&qtt«S<lT^ft. $^t-. y-M!HUI7«±C»iy 
-hm®8/&^BS$ilT^ft. ^*-hSffi8(i^li9 
(CT»WfCi»ft. Jft«R9kbTLTO (Low T 
emperature Ox i d e ) . IfcWfflUfctiTH 
ft . -5-i0±t(iy-^^ 1 0 V-7xSffi 
10J4n* fiy-^«W4UJ:i;p- 3K-*fI$3k 

ti. h w-r ymffii 1 1 aqftssiiTuft . 

[002 1 3 iXC II 1 KSf- M O S F ET^WtlS 
Sr. H-2^H4C«^v^KBHt4. 

CH2 (a) *-f. nfi4H4fe«6H* 

fc«3C-SiG36tt. t%to%Ti* S^#S«15r 

00jumT*9. as« (00 0 1 > S i®, X 

14 , (112-0) a BIT*'* . 1 Oi^ffi 1 

atCl?$5jLtmOn- Sxe®2 £xK**f i^jMjt* 
■fft. *WTtt. n- Mxfl2{4Tife^S«lk|SIS 
^>fefi**» 4>il. nS 4 H 4 tlli 6 H 4 £ts 3 C : - S i 
CJikfcft. 

[00223 CI22 ( b ) iZyrrfJM) n* SxtTJg2 
»±OJK£*WtcLTOR2 0HEBU' ^lilrVX^ 
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Wi. iB£#7 0 0*C. Wim&ffA 0 0. 350. 2 
70. 200. 140. 90. 55. 30keV. 

ztvntmmEtzttBt h h 1 . 2 x 1 0 16 . 

1. 1X10 16 . 1. 35X10 16 . 1. 2X10 16 . 
1. 0X1O 16 . 7. 5X10 1 *. 5. 5xi0 14 cm 
- J tLTV»S. Zixlz£*) > n- Sxtrffl2^ffi*»/o 

[00233 -5"Of£. §W<Bfflfc LT. 160 0*C. 3 0 
CiO. n- MxtJI20SliS«}:9il*9{ffil::. Btf&X 

- &x£*2OKffi^60«tttt (out d i f f u 
s i o n ) 0 . n- lltf 20a®gBfc:BO$6 

ft ^> - £*WM[ LTttJHfeWUfffc* ft . 

[00 243 C02 (c) t^-fXSD RI 
E (Reactive Ion Etching) lz£ 
9. n- Sxejf2<9*Ji3P£:r>/^>?'Bfc£LT. B 
, 0*&^g#i§t^#er©ai$ii-ft. COR I E(:«t 
■ ot. BO^*&ffi^*ffi^#*|^T-i'ftOT\ C 

[00253^0^; ioscc. 5m^<rmmiti: 
no. z.titzio. RiEizzzyx-itMim&zti 

ft. Z?)t$. HtfUR*WifcS;h.$fctf>. BtiffiHfcJRfc: 
•fc^T^r-vrSil. n- Sxt*Jf20K®*^^a!a: 
tfcL&i^ -e-LT. m^iig-fb £ J: T T § fcKflJB z m 

Mi&3 zr-^tf n- Sxtr/f 20*®te.:& B B B So&lr'<® 
fc=5rft. 

[00 263 C03 ( a ) ^^"TXSD P" M^-XM 
tSSar-^-tfn- SxeJ12±C. BOffiife&WJSixft 
iI£0;&ET-£>ftl 50 0"C. 3 0^Oxe^df^^yl' 
£5 ( fc*JMM«i£ (Chemical V 
apor Deposition; CVDg) ) lz£ 

o , T-mmm& i x i o ie c m-sjaT, ws&o . s 

[0 0 273 iWkl. il^*7-MOSFET*y- 
7S£-*-&fctf>fc:. S®f-r*/l^I50J?* <(JR 
J?) Sr. ir- h S CrUffi *r Epjn L T v >=5r v ^fcifc 
ft pS<-^Wtt 3 a»6*B5f-r *jm 5 

t . y — b bkur 7 *» t>mm + •* */wi 5 c 

Ztf&giimcDWltELbPm*. 0 t/h* <&ft J: 5 IcL 
Tv^ft. 

[00283 JWfcttfcli. pS<-*fSt£3a»£SEf- 



T^ES^-r 5 OMUzrifcE LTV *ft . 
[0 02 9 3 >J*yg!(7>mm'V7-M 
OSFETii. tm% b'tZ £~>X¥— hflSffi(CttE*»EP 

iz-ttzhtm-iiiih* s-toxywcotiobit^ 
X&k&ZmkthZbtfX'th. ttc. H 1 tz%r?£ 
3tc. pfi<— x«*3tt % V-^lSii Ob&f&LX 
>>"C«ifcR!Bi:*-5TV**. C07ti6. Sffif-^^;^ 
5 2: pSK-A«W3 J: OP Ng-^Of^b -f >-^ff£ 

5. «;Hf. pM<-^^3* J Sife$ixT=5:<T70 

OtigMS-^SCtti. «Bf-ir*A'"l5«rt^f'*7 

[ 0 0 3 0 3 fcfc. pS^-X^1S3 O^M^SKf:^ 
< -T & C i: fc J: K) tVP h >f >^ES- J: 9 < fijffl-f h 

zb-&x'%h. ttz. *mffi&mx\tmm.mz x^x 

Mfflrc?— MOSFETfcHJftLT^Sa*. iitS-v-'J 

<7)S—^V*ym<r>MOSFET$:miki-2>lbtfmM 
4*WHBW)J:efc:SiC?fcJBv»* 
CkiiJ:'?. ^O^yim^^rbit^.xmmM<m 
SA'9-MOSFET t 1 k ft . 

[6o3i 3 4fc..y— vy.*7S*siisffl/ , c7— mos 
fflv ^«*fcti t*/P h -f >^BE*»'ffiv ^ A . mm +■* * 

L*»L^:* S ^. S i CtfflivWfr&telif^h-f VME. 
&is0 3><7>$*)3feb-&<. tm+-**frM5*)B** 

m<Lfz^m>m.m£m<ixB&X'i2>K&>. s- 
-e o^-ym^mrnmu o s f et srigit^-s c t 

[0032] ziz\ mm^^tvm s *pi^-7i 

i^3a-^-tfn- Sxt*®20«H^ffiLTUS^. ± 

xtf^2oaraOS B B H tt* ? Sffi§iiTv^7 , iy>. CO± 
O^M-?-ir *;PJi 5 i SI AO^ A < =5r & tiib . p S<- 
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[0033] pS^-^*S3tCt5(tl» BO 

-*««3 1z2ER#i>& k Btf-t-^SSLrtfcAO&tofc 
*>fc»£.'*-i>*>T****. pM<-*fli£3£-£-t?n- 
^KJ12^1B^AtetfEI«3iVOtfUf. wOi 
3**Hfc«r<"f£k*<TS 4fc*>. BOJSm**Jl)JfBIS 

[00343 ^mt&m^x o izmmiti.wz'fi'iK 

ifr&tz&tfh B08Jtft£9SBSfc:J: SitBLfc. £OH 

ALfcw&, B*«sttfc3^pffl*--*«W3*»* 

* */PJi 5 *>£>0&S k B aTOfltiMUtfli*) SIMS 

[0 0 3 5] iris, p* H&Oltfp- Mxt^^fW 

i>6*i/Cis!k.S iCfl&JJ^k'&ffcUir^AlOig 
g.-ftl&ZM.Z £ k •jTIIf^r^/H 5 k pI^- 
AMH3 k^^WSMT* * J: SfcLTV**. 

? »lifrfc$r*»-a:fc.- 

[0036] £0|l0.6&(::^$;h.?> A 1 Oife&JtfBz: 
JLC**k. SE£AOffiSTA 1 0»K$Hfi:MS*e* 
t<5Sr->TfcO, «ro2£$AOfi[g#S®^*;WJ§5 
t P 3 k tfEWTfc 6 i k ****** . £ O 

fflafewncLTATAik; SESAiotav^ti. 

BO»e*9M&fc«TL/Ci3D. *o«-jg»k*->-c 
^S. aSA(C45\r>TJB*«r«* 
fcfcoTB«aua*^l/0»4.-fl*flW:«. &$A 
fc**kLT«$Aj:oa»r>*Jilxio"cm-«. m 

[0 0 3 7] ^ nm&gyj* & i i 3 ic . pik 

-*flH*3rt^B*«iaif-ir*/l'Ji5tC*4 Ofittl/C 
vvjru. £*)i$»c» B**«^k**4*vCvvarnnjE 
* 5 £ w k **T'£ . a® 

s ftp mmmzwm. Wrv * «t a tc-c* * . 

±Ey- ! 7»J*7fl«)M0SFETtC-J-6fcAtl 
ti . Mfif- * 5 k p a^-^«« 3 DTOttttiUE 

jPSfctSMtLfc to (abrupt junctio 
n) T'S>5Ck*>m$it-5»* J . ±j£LfcJ:"3fc:. SE® 

f-r^A'askpaK— ^<w*3^raifc45i»T. bo 

y--7U^7St-rSwk* J -Ct*. 

A-* 5 >^-7^}*3 0*IW C33 It S B OiIK7* n 7 r 

ME) fcflLtS-WiktfTS*. 



[0038] cwiy-^u^k^ik-cv-^. 

jWMSWi P N^OffiW5SEtffctH* U 4fc P 

N ^SflgiOffVi, B<0ffiSra7 T -< 

L . B oMSTo 7r-f /U* t tt* ! firfS k*x*/WMWtt 

£ig<-r& i ktft-s . *o*g^v?-x/w-iffi£;§ 

^iCk**?**. 

[0039] Sfcfc. H5*J!.TA4k. mZAXiQi, 

aEir ^Mcij v vc . s § Atetett & b oaso^ti o 

i«**»«r«» (*3*£> fcfcvCB*«***ffl:TL 
Tn4£fc**ih&»*. ;:oB*>iM&&H£FLfc§W»i. 
pffl*-*«J*3*>JKlirkn- Mxtr«2kO^SU3 
afcfl»LTt»*. i^»W»3 afciSttiBOiME** 
|g J S>*H::ffiTLT^S.rk*>4>. pS<-XfIi£30J£ 
®kn- flxtr«2fcJ:-9T»*«ix6PNjS^fc:ttlf 
SS^JiSr^t<"T2.ik* J T#. TA^y^xru- 

?y*r>#9&ir&mm* t^h^T^yy^^ru- 

^^MBE*W<"t4ik* t 'C'**. 
[0040] CH3 ( b ) fc^rfiaD ifcfc. WB*+ 
*/UJI5»±«)BS€«l*tLTO«2 1*E{IL. wit 

U n* fiV-^«W4fe»ft1"4. iOk^O-f^y 
^A^fHi. 7 0 0-C. H-Xa'liixi 0» B cm-*_k 

[0041] CH3 ( c) iZffrtJM) ZIX. LTO 

^*;HI5<0±OIJi3e««tCLTOJ||2 2«rE«L; i 
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